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(57) Abstract: The present invention provides in a first aspect a mouse in which the A. (lambda) light chain locus has been function- 
Q ally silenced. In one embodiment, the mouse X light chain locus was functional silenced by deletion of gene segments coding for the 

X light chain locus. In a further aspect, a mouse containing functionally silenced X and K (kappa) L chain loci was produced. The 
^ invention is useful for the production of antibodies, for example heterologous antibodies, including heavy chain only antibodies. 
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Mouse X Light Chain Locus 

The present invention relates to mice in which the X (lambda) light (L) chain locus 
and/or the X and k (kappa) L chain loci have been functionally silenced, and to 
antibodies produced by such mice. 

B-cells express surface immunoglobulin (Ig) either with k (kappa) or X L chain, a 
choice which is termed isotype exclusion. The proportion of antibodies containing a k 
or XL chain varies considerably in the different species but in the mouse only a few 
percent of antibodies express X, L chain genes are encoded by 2 different loci, the k or 
X L chain loci, and in the mouse there is an extensive number of V(variable)ic genes 
upstream of 5 J(joining)ic and 1 C(constant region)K gene. Although the k locus is 
over 10-times larger than the X locus, with more then 100 V genes, this extensive 
complexity is not regarded as a reason that most mouse antibodies cany a k L chain. 
It may be that the mouse k locus is simply more efficient in DNA rearrangement 
which is supported by the finding that in the majority of cells with rearranged Vk the 
X locus is still in germline configuration whilst in most cells expressing X L chain the 
k locus is either non-productively rearranged or deleted. 

Several mouse strains with silenced k L chain locus have been described. They were 
generated by homologous integration of a selectable marker gene in Ck or targeted 
removal of Ck or Jk (see for example Zou, X. et a/., 1995, Eur. J. Immunol 25(8): 
2154-2162). Silencing expression of k L chain shed light on isotype exclusion and L 
chain activation and it was concluded that k and X expression are separate and 
independent events. Although homozygous K V ~mice compensate for the k deficiency 
with increased X production their splenic B-cells and \i + cells in the bone marrow can 
be reduced compared to normal mice. This may suggest that X L chain rearrangement 
and expression is perhaps a less efficient process. However, despite the lack of k L 
chain these mice are healthy and can mount an efficient immune response. 

During B-cell development gene segments encoding Ig H chains rearrange first by D 
to JH recombination at the pro B-cell stage. This is followed by VH to D-JH 
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recombination at the pre B-I stage and if a ^ H chain can pair with a surrogate L 
chain, consisting of Vp^ and X5 protein, this forms a surfaced expressed pre B-cell 
receptor (pre BCR) at the pre B-H differentiation stage. Cell surface expression of the 
pre BCR induces proliferation and after several divisions large pre B-H cells 
differentiate into small resting pre B-H cells. The pre B-H stage with a defined ratio of 
large and small pre B cells has been identified by surface expression of the EL-2 
receptor a chain, CD25. At the transition from pre B-II to immature B cell L chain V- 
J rearrangement occurs where the surrogate L chain is replaced by k or X. At this 
stage the cells can leave the bone marrow for further differentiation into plasma cells 
or memory cells in secondary lymphoid organs such as spleen or lymph nodes. 

B-cell development without L chain has not been fully elucidated in the prior art. The 
BCR consists of two Ig H chains each associated with one Ig L chain in conjunction 
with the Iga/Igp coreceptor. These six chains must assemble correctly in the 
endoplasmic reticulum (ER) to allow transport and cell surface expression of IgM to 
progress B-cell development Immature B-cells without L chain are not maintained 
and a lack of surface IgH, Iga or IgP expression leads to reduced signal transducer 
activity which can aiTest B-cell maturation. H chain, synthesised prior to L chain, is 
chaperoned and retained in the cytoplasm but if L chain association fails single H 
chains, unlike L chains, undergo rapid intracellular degradation as a result of 
inefficient transported from the ER to the Golgi. 

The mouse lambda (X) light chain locus is about 200 kb in size and comprises 3 
variable (V) region genes and 4 joining (J) segments upstream of 4 constant (C) 
region genes, V2 - Vx - J2 - C2 - J4 - C4 - VI - J3 - C3 - Jl - CI (Fig. la). 
Silencing of the X locus is difficult because homologous integration to delete or 
disable a single or even two CX genes would not be sufficient to prohibit X light 
chain rearrangement and expression. To achieve this one would have to disable 2 
regions: C2 and C3-C1 which are over 100 kb apart. C4 is regarded a non- 
functional as no protein has been found. This means two targeting constructs have 
to be assembled and homologously integrated in the same allele. An advantage 
would be the use of integrated IoxP sites to allow Cre mediated deletion of the 
whole locus or deletion of relevant functional genes. 



2 



WO 03/000737 



PCT7GB02/02867 



There is therefore the need to produce mice in which the X light chain locus is 
deleted. It would also be desirable to produce mice lacking functional light chains 
for the production of heavy chain only antibodies - the exploitation of human 
antibody-producing mice, for example, is hampered by the problem that mouse 
lambda L chain associate with a large proportion of the expressed human Ig (or H 
chain). 

According to a first aspect of the present invention, there is provided a mouse in 
which the X light chain locus is functionally silenced. A transgenic mouse according 
to the invention has been produced for the first time by the present inventors. Uses of 
such a mouse are described below. 

The X light chain locus maybe deleted in part or completely. Alternatively, the X light 
chain locus may be functionally silenced through deletion of gene segments encoding 
for the X light chain locus. 

The exemplified procedure of rendering the mouse lambda light chain locus non- 
functional used two strategies of silencing all constant region genes: 1. integration of 
a selectable marker gene to disable individual constant region genes and 2. gene and 
locus deletion. As described further in the Experimental section below, this produced 
two lambda KO strains, XL 3. 2"V A and X1-2A"V" mice, with essentially the same 
features of a silent lambda locus. Silencing of the mouse lambda light chains verified 
gene/locus organisation and showed that no additional L chain-like genes participate 
in B-cell development. 

In a further embodiment of the invention, the k light chain locus of the mouse may be 
functionally silenced. Mice with complete L chain knock-out (KO), i.e. kappa and 
lambda locus silenced by gene targeting, showed a block in B-cell development at the 
stage when L chain expression should have been completed. These mice still produce 
or express ji H chain. Indeed it is expected that they produce a heavy chain antibody 
repertoire. There is extensive commercial interest in such mice because 1) they are the 
first mouse strain with silenced lambda locus and 2) by crossing with existing strains 
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they would allow to produce mice that do not express any form of mouse H or L 
chain. 

In a further embodiment of the invention, the heavy chain locus of the mouse may be 
silenced by a method of gene targeting (knock-out). 

The A,, k and heavy chain loci of the mouse may be been knocked out or silenced. 

In yet a further embodiment, the mouse may carry at least one transgene which 
comprises one or more heavy genes or loci and/or a light chain genes or loci from a 
heterologous species. The mouse may produce heavy chain only antibodies of the 
heterologous species. The heterologous species may be human. 

In a further aspect of the invention, there is provided the use of a mouse as defined 
above to produce antibodies. The antibodies may be produced through immunisation 
procedures. In a preferred embodiment, the antibodies are human. 

Also provided according to the present invention is a heavy chain only antibody 
produced in a mouse. The antibody may have heavy chains that are either single or 
polymerised (dimer, trimer, etc.). 

Yet further provided is an antibody produced from mice as defined above. 

The antibody of the invention may be monoclonal. The antibody may be human. 

In another aspect of the invention, there is provided a library of VH (variable heavy 
chain) domains obtained from DNA of lymphocytes from one or more mice as 
defined above. 

Also provided is a method of producing a mouse in which the X light chain locus is 
functionally silenced, comprising the step of deleting at least the constant region 
genes CI, C2 and C3 of the X light chain locus. The C2-C4 loci and C3-C1 loci may 
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be deleted simultaneously or sequentially. In one embodiment, the targeting 
constructs shown in Fig. 1 and described below are used. 

In a further aspect of the invention there is provided one or more targeting constructs 
for producing a mouse in which the X light chain locus is functionally silenced. The 
targeting constructs) may be as shown in Fig. 1 and/or substantially as described 
below with reference to Fig. 1 . 

Also provided according to the invention is a mouse in which the X light chain locus 
is functionally silenced, with a deletion of a X light chain gene or genes selected from 
the following part of the X locus region: 

(a) C3-Cl; 

(b) C2; 

(c) C2-C1 (i.e. C2-C4-C3-C1). 

The invention will be further described in the Experimental section below with 
reference to the accompanying figures, of which: 

Figure 1 Shows targeted integration and deletion of the mouse X L chain locus, 
a, The locus is -200. kb with 2 sets of J-C genes (J2-C2— J4-C4 and J3-C3— Jl-Cl) 
separated -110 kb. Two V genes, V2 and Vx, are located -75 kb and -56 kb upstream 
of C2, respectively, and VI is located -20 kb upsteam of C3. Targeted integration of 
C3-C1 inserts ^Neo-fotP into CI and hxP 3' of J3, this allows deletion of C3, Jl and 
5 'CI. The C2-C4 targeting construct inserts /oxP-^Neo into C2. Both targeting 
constructs disable all functional C genes. Upon Cre mediated deletion the region 
between C2 and CI is removed, b, Analysis of targeted integration and Cre-mediated 
deletion. Southern blot of normal mouse DNA (NM), ES cell DNA from clones with 
homologous integration in C3-C1 (ES3.1) and C2-C4 (ES2.4), and deletion of C3-C1 
(ES3.1 A +A and 3.1A V ") with digests and probes (A, B, C, D) indicated. PCR analysis of 
tail DNA identified the configuration of the IgX locus before and after Cre deletion. 
Oligonucleotides (1 - 6; see below) are indicated by arrows and resulting PCR bands 
are the product of used oligo combinations indicated by shading. Restriction sites used 
for the analysis are B, BamHI; H, Hindm; R, EcoRI; S, Sad; X, Xhol; Xb, Xbal; 
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Figure 2 Shows flow cytometry analysis of a, bone marrow and b, splenic B- 
cell populations from normal (NM), k^, "k^, UJV, UJiV and M-2A"V" 
mice. The profiles are representative for results obtained for at least 5 mice per group 
and show staining of gated bone marrow lymphocytes with PE-conjugated c-kit 9 
biotin-conjugated anti-mouse CD43, biotin-conjugated anti-mouse CD25 or biotin- 
conjugated anti-IgM in combination with PE- or APC-conjugated anti-B220. Spleen 
cells were stained with biotin-conjugated anti-IgM, FITC-conjugated anti-IgD, biotin- 
or FITC-conjugated anti-X and/or PE-conjugated anti-K and APC-conjugated anti- 
B220 for setting the B-lymphocyte gate; 

Figure 3 Shows cytoplasmic and surface staining of CD25 + bone marrow B- 
cells from X1-2A v "k^ and normal (NM) mice, a, cytoplasmic and, separately, surface 
staining with FITC-coupled anti-fi. b, separation of B-cells according to their size; 

Figure 4 Shows flow cytometry analysis of B- and T-cells in the peritoneum of 
K V " and XI^A^k" 7 * mice. Cells were stained with PE-conjugated anti-CD5 and APC- 
conjugated anti-B220; and 

Figure 5 Shows gel separation of cytoplasmic and serum antibodies from M-I^'k 1 ' 
(L KO) and normal (NM) mice captured with anti-fi. 
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Experimental 

Here we show that mice with silenced L chain loci are immunodeficient. They do not 
produce B-l or B-2 cells in the periphery and B-cell development is compromised at 
the immature B-cell stage with a complete block at the stage of differentiation when L 
chain rearrangement should have been completed. 

To analyse the importance of light (L) chain expression for antibody development 
mutant mice with targeted deletion of the IgX locus were generated and crossed with 
mice carrying a non-functional Igic locus. Successive silencing of CX genes in a k v " 
background showed a reduction in mature B-cell levels and animals with silenced L 
chain genes, i.e. X'Sc^mice, do not express Ig polypeptides. Their spleens are devoid 
of B-cells and neither peritoneal B-l nor B-2 cells are present whilst T-cell numbers 
remain normal. Bone marrow pro and pre B-cells are only slightly reduced and levels 
of CD25 + large and small pre B-II cells are largely retained. In X 4 k"'* mice B-cell 
development appears to be essentially uncompromised up to the immature stage. 
However, a complete block is apparent when L chain rearrangement, resulting in 
surface IgM expression, should be completed. The lack of L chain prevents BCR 
association and L chain function cannot be substituted (e.g. by surrogate light chain). 
Is was unexpected that the lack of L chain had no profound effect on precursor cell 
development, such as accumulation of pre B-II cells at the pre B- to immature B-cell 
transition stage. 

Materials and Methods 

Targeting constructs. A phage X library derived from ES cell DNA, a kind gift 
from A. Smith and T. Rabbitts (Laboratory of Molecular Biology, MRC, Cambridge, 
UK), was hybridised with a VX and CX probe (clone #505 kindly provided by M. 
Neuberger, MRC, UK) which identified several clones containing VX and, separately, 
CX genes. Part of the C2-C4 and C3-C1 regions were subcloned in pUC19 to 
assemble the constructs and to obtain gene probes. This allowed blunt end insertion of 
loxP from pGEM-30 (Gu, H. et al y 1993, Cell 73: 1155-1 164) in the Hindm site 3' of 
J3, loxP insertion in *Neo (Stratagene, La Jolla, CA) and blunt end insertion of *Neo- 
loxP into CXI, and foxP-^Neo, derived from pGH-1 (pGEM-30 and pGH-1 were a 
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kind gift from R Gu, Institute for Genetics, University of Cologne, Germany), into 
CK2 (see Fig. la). The -14 kb C3-C1 targeting construct was obtained by Xhol and 
Hindin digest and the -13 kb C2-C4 targeting construct was obtained by Xhol 
excision in the internal and polylinker site. Restriction sites for integration of ^Neo 
(SacI and BamHI) or loxP (HindHI) in the targeting constructs were not maintained. 

Analysis of homologous integration. Methods used for electroporation of 
targeting constructs and ES cell selection have been described (Zou, X. et aL y 1995, 
supra). The C3-CI construct was integrated in HM-1 (Selfridge, J. et al. y 1992, 
Somat. Cell. Mol. Genet. 18: 325-336) and C2-C4 was integrated in AES3.1A-5 ES 
cells. Targeting of C3-C1 was identified with a 0.4 kb HindHI fragment (probe A, all 
probes are marked in Fig. la) and SacI digest of ES cell DNA, and verified with a 2 
kb Xbal-HindlQ fragment (probe B) and SacI, HindHI and BamHI digests which also 
allowed identification of C3-C1 Cre-tecP deletion. Homologous integration in C2-C4 
was identified with a 0.7 kb HindHI-Xbal fragment (probe C, the Xbal site is 
immediately 5' of SacI) and a 1.2 kb HindHI-BamHI fragment (probe D), and HindHI 
and BamHI digests of ES cell DNA. To obtain deletion of the X locus the Cre plasmid 
pBS185 (GIBCO, #10347-011) was transiently integrated by electroporation (Zou, X. 
et al., 1995, supra). Clones were tested by PCR using the following oligonucleotides 
(arrow 1-6 in Fig. la): 

Clrev 5'-GCCTTTCCCATGCTCTTGCTGTCAGGG-3 ' (SEQ ID NO: 1) (< 1); 
Clfor S'-CCAAGTCirCGCCATCAGTCACCC^' (SEQ ID NO: 2) (2>); 
373for 5 '-CCCAGGTGCTTGCCCCACAGGTTTAGG-S ' (SEQ ID NO: 3) (3>); 
5'C2for 5 '-GGAGATC AGG AATG AGGGAC AAAC-3 * (SEQ ID NO: 4) (4>); 
3' *Neorev 5 ' -CTCGACGGATCCGTCG AGG AATTCC-3 * (SEQ ID NO: 5) (<5 
neo); and 

^Neofor 5 *-ATGGCCGATCCCAT ATTGGCTGC AGGG-3 * (SEQ ID NO: 6) (neo 
6>). 

Oligos 1-2 and separately, 4-5 identified construct integration whilst the combination 
of oligos 1-3 and 1-4 identified partial or complete C gene deletion. PCR reactions 
were performed under the following conditions: two initial cycles of 45 sec at 97°C, 
30 sec at 60°C and 60 sec at 72°C followed by 30 cycles with 30 sec at 94°C, 30 sec at 
60°C and 60 sec at 72°C, and 10 min at 72°C to complete the reaction. 
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Derivation of mice. Chimeric mice and germline transmission was obtained as 
described (Hogan, B. et al 3 1994a, In: Manipulating the mouse embryo, a laboratory 
manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, p253-289. XI. 3 
mice, in a 129/Ola x Balb/c background, were mated with 129/Ola mice for 5 
generations and crossed with Cre mice and each other to obtain homozygous XI 3^' 
mice. For the derivation of ES cells, blastocysts were collected and cultured on 
mitomycin-C treated feeder cells (Hogan, B. et ai, 1994b, In: Manipulating the mouse 
embryo, a laboratory manual, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, p217-251). Several ES cell lines were obtained and AJBS3.1A-5, a female line, 
was used for integration of the C2-C4 targeting construct. 

For the derivation of transgenic mice expressing Cre-protein ubiquitously, the 
Cre plasmid pBS185 was linearised with Seal and purified using a DNA purification 
kit (Qiagen #28304). DNA was microinjected into the male pronucleus of FI embryos 
(CBA x C57B1/6) according to standard methods (Hogan, B. et al. 9 1994b, supra) and 
several founders were produced, two of which showed a high gene/locus deletion rate 
when crossed with loxP mice. 

Flow cytometry analysis. For the analysis of B cell populations by flow 
cytometry cells from the different tissues were prepared and stained with various 
combinations of differently labelled antibodies against cell surface markers (see Fig. 
2): these were for bone mairow cells PE-conjugated anti-mouse c-kit (CD117) 
(09995B; PharMingen), Phycoerythrin (PE)- or allophycocyanin (APC)-conjugated 
anti-mouse CD45R (B220) (01125A, 01129A; PharMingen, San Diego, CA), Biotin- 
conjugated anti-mouse CD25 (01092A; PharMingen), FITC-conjugated monoclonal 
rat anti-mouse IgM (\i chain specific, 04-681 1; Zymed) and/or Biotin-conjugated anti- 
mouse CD43 (01602D; PharMingen); for spleen cells PE- or APC-conjugated anti- 
mouse CD45R (B220) (01125A, 01129A; PharMingen), Biotin-conjugated anti- 
mouse IgM fti chain specific, 02082D; PharMingen), FITC-conjugated anti-mouse 
IgD (02214D; PharMingen), Biotin or FITC conjugated anti-mouse IgA, (02172D, 
02174D; PharMingen) and/or PE-conjugated anti-mouse IgK (559940, PharMingen); 
and for peritoneal cells PE-conjugated anti-mouse CD5 (Ly-1) (01035A; PharMingen) 
and APC-conjugated anti-mouse CD45R (B220) (01 125 A, 01 129A; PharMingen). 
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For cytoplasmic staining bone marrow B-cells were pre-treated using a fix and 
perm cell permeabilization kit (GSA-004, Caltag) and then stained with FITC- 
conjugated monoclonal rat anti-mouse IgM (\i chain specific, 04-681 1; Zymed), PE- 
conjugated anti-mouse CD45R (B220) (01125A, 01129A; PharMingen) and Biotin- 
conjugated anti-mouse CD25 (01092A; PharMingen) according to the manufacturer's 
protocol. Binding of biotinylated antibody was developed with streptavidin-Quantum 
Red (S2899; Sigma) or strepavidin-Tri-color (SA1006, Caltag, Burlingame). 

Protein analysis. Serum antibodies were identified by ELISA as described 
(Zou, X. et a!., 1995, supra). For separation on acrylamide gels digitonin lysates of 
bone marrow cells (Bell, S.E. et al y 1994, EMBO J. 13(4): 816-26) and, separately, 
serum was incubated for 1 h at 4°C with anti-mouse IgM (n chain specific, The 
Binding Site, Birmingham, UK) coupled to CNBr-activated Sepharose 4B (Pharmacia 
LKB, Uppsala, Sweden) as described (March, S.C et ah, 1974, Anal. Biochem. 60: 
149-152). Samples were fractionated on 4-15% precast gels (161-1104, Bio-Rad, 
Hemel Hempstead, UK) and, after transfer to nitrocellulose membranes, incubated 
with biotinylated anti-mouse \i (B-9265, Sigma) for lh at RT and then placed in 
streptavidin biotinylated horseradish peroxidase (HRP) solution (RPN 1051, 
Amersham) for 30 minutes on a rocker. Bands were visualised with SuperSignal West 
Pico chemiluminescent substrate (34080, Pierce, Illinois). 

Results 

Silencing of the mouse X L chain locus. To investigate B-cell development 
without L chain we produced mice with a deleted IgA. locus. The X*' mice were 
crossed with animals carrying a non-functional IgK locus, k^" mice, also obtained by 
gene targeting (Zou, X. et al 9 1995, supra). The mouse X L chain locus contains 3 V 
(variable) region genes, 4 J (joining) segments and 4 C (constant) region genes which 
can independently rearrange and express 3 different X L chains. C4 has not found to 
be expressed. Silencing of the X locus was carried out in 4 successive steps by 
introduction of 3 loxP sequences and targeting of CI and C2 (Fig. la). Introduction of 
the C3-C1 targeting construct silenced CI and germline transmission mice were 
produced which, upon mating with ubiquitous Cre expressers, had C3-C1 deleted on 
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both alleles. Such mice, bred into the 129/Ola background, were used for the 
derivation of embryonic stem (ES) cells which allowed homologous integration and 
silencing of C2. Germline transmission mice were obtained and bred with the Cre 
expressers and each other which resulted in homozygous animals with a C2 to CI 
deletion of -120 kb. Analysis of ES cells and mice by Southern blot and PCR, with 
representative examples shown in Fig. lb, identified homologous integration and 
locus deletion and resulted in separate animals with the following genes silenced: a) 
XCl^' (mouse 130 = ES1.3), b) XCl" 7 ' and A.C3 7 * (mouse 1.3 = ES1.3A), c) JtCl* 
XCT*' and A.C3 7 * (mouse 50 = ES2.4) and c) deletion of XCV f ', XC2'\ XC3+ and XC4" 
A (mouse 1.3-2.4A). These mouse strains were crossed into the k v " background and 
termed according to their silenced or deleted (A) C genes: Xl^V*", Xl.3 4m K im 9 A1.3.2 V ' 
k v " and X1-2A" / "k" / ". Deletion of the X locus was verified by sequencing of the 686 bp 
PCR fragment shown in Fig. lb which contained the 3' J2 and 3' CI region separated 
by loxP. 

B-cell reduction upon CX gene removal. Mice with individually silenced 
CX genes in the background showed significantly reduced numbers of mature 
IgM* B -cells compared to normal mice kept in the same pathogen-free conditions 
(Table 1). Serum antibodies in Xl^V^and X1.3" a k v " were also reduced but comparable 
to those in k v " mice (Zou, X. et aL, 1995, supra). Unexpectedly A.1.3.2 v ~k a and X1-2A" 
^K?" mice derived from heterozygous females or foster mothers had significant 
antibody titers in serum still detectable by ELISA 6 weeks after weening. However, 
serum analyses from such mice older than 3 months showed that no antibodies remain 
(data not shown). The lack of serum Ig in mice confirms that CX4 must be 

a pseudogene and that the remaining VX genes cannot be expressed using an as yet 
unknown C gene. The reduction of B-cell levels in bone marrow and spleen at each 
successive silencing step is shown in Fig. 2 and Table 1. In the bone marrow pro and 
pre B-cell development appears to be little affected by the loss of L chain expression 
and the levels of c-fa"f + , CD43 + and CD25 + B-cells are quite similar in the KO strains 
and compared to normal mice (Fig. 2a). However, at the stage when L chain 
rearrangement should have been completed normal development is blocked and 
immature B-cells fail to express surface IgM. Interestingly, a reduction in the number 
of cells expressing surface IgM is clearly visible and, compared to the 12% of IgM* 



11 



WO 03/000737 



PCT/GB02/02867 



B220* lymphocytes in normal mouse bone marrow, 4% are found in k 7 " mice, 2% in 
X1*V\ 1% in X1.3 V" and essentially none in X1.3.2* / k v " and X1-2A v k v * mice. In 
the spleen the levels of Ig + B-cells in X1 v k 7 ~ and X13 V K V " mice are similar to those in 
K^'mice whilst in XI 32 9m K* m and XI^A^k 7 ' mice only background staining remains 
(Fig. 2b). 

To evaluate if B220 + B-cells in the bone maiTOW do accumulate \i H chain in the 
cytoplasm and if these cells migrate to secondary lymphoid organs we stained for 
cytoplasmic IgM. As shown in figure 3a CD25 + bone marrow B-cells from X1-2A"V" 
mice do indeed stain for cytoplasmic n H chain but show no staining for surface IgM. 
Indeed the levels of CD25 + B-cells and their size distribution is very similar in normal 
and L KO mice (Fig. 3b). However, migration of these cells to, for example, the 
peritoneum is not taking place and Fig. 4 shows that essentially no B-cells exist in 
secondary lymphoid organs. We wondered if the identified \i H chain in the cytoplasm 
of B-cells from X1-2A v k v " mice is of the same size or molecular weight as 
conventional fi H chain. Cell lysis using digitonin and capturing bound or unbound \i 
H chain, analysed on polyacryamide gels (Fig. 5), showed no size difference of the \l 
H chain produced in the cytoplasm of normal or L chain silenced mice. However, as 
also shown in Fig. 5 serum Ig is not produced by these mice. This re-emphasises that 
B-cell development and n H chain expression up to the stage when L chains are 
expressed appears to be largely unaffected in L chain KO mice. Furthermore, the lack 
of L chain prevents the release of \i H chain from the cell which prevents Ig secretion. 

Block in development at the immature B-cell stage. Silencing of the X L chain 
genes in a k*' background showed that no surface or secreted Ig is produced and that 
the resulting block in B-cell development is established at the pre B-II to immature 
transition phase. At this stage CD25 expression is revoked, the pre BCR is replaced 
by the BCR, surrogate L chain is no longer expressed and k or X L chain 
rearrangement is completed with successful expression that allows \i H chain 
association. After several divisions large CD25 + pre B-II cells differentiate into small 
CD25 + resting pre B-II cells which are in the process of rearranging their L chain 
genes. As can be seen in Fig. 2a the number of CD25 4 B220 + cells at the stage 
immediately before the developmental block is by and large very similar. As 
successful L chain rearrangement is prevented or impaired in the mutant mice we 
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wondered if this block in development alters the ratio of large and small CD25 + cells. 
In Fig. 3b the number of CD25 + gated bone marrow cells from age-matched normal, 
k a and X1-2A v 'k 7 " mice is plotted against cell size. The comparison shows slight 
variations as expected but no major differences in the large and small pre B-II cell 
populations. This concludes that the failure to express L chain initiates a complete 
block in development at the immature B-cell stage when surface IgM should be 
expressed. In addition no immature B-cells accumulate before the event. 

This block in development with no apparent recovery impedes surface IgM 
expression and subsequent cell migration. As shown in Table 1 the number of spleen 
cells in A13.2*k / " and A.1-2A v k v * mice is significantly reduced A complete lack of 
mature B-cells is also found in the peritoneal cavity with no B220 + and B220 + CD5 + 
cells (Fig. 4). This lack of B-l and B-2 cells appears to have no effect on T-cell levels 
which are maintained. 

Discussion 

Our experiments show that B-cell development is aborted in L chain deletion 
mice at the pre B-II to immature B-cell transition stage when surface receptor 
expression should have been accomplished. This complete block in development 
prevents B-cell maturation and the mouse is immunodeficient regarding antibody 
expressing B-cells. The surrogate L chain encoded by VpreB and X5 does not sustain 
B-cell development and with the failure to express L chain polypeptides B-cell 
differentiation ceases exactly at the stage when L chain rearrangement should have 
been completed. This re-emphasises the importance of L chain for immune 
develoment and that, at least in the mouse, there is no gene or rescue event that can 
compensate L chain deficiency. 

B-cell development in the mouse has been extensively studied by gene 
targeting and in one of the early experiments a \x transmembrane exon was rendered 
non-functional which prevented surface IgM expression. This ^MT KO caused a 
block in development, leading to the accumulation of pre B-I and the disappearance of 
pre B-II cells. With the lack of surface IgM expression no proliferation or 
differentiation into immature or mature B-cells was obtained, however, DNA 
rearrangement was maintained. Indeed the jiMT mice do rearrange H and L chain 
genes whilst H chain KO mice without J segments maintain L chain rearrangement. 
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This is in agreement with the results of our X 4 k 7 " mice which show H chain 
rearrangement and cytoplasmic Igji expression which reiterates that H and L chain 
rearrangement and expression are independent events. The critical importance of the 
BCR in signalling and normal progression of development through the different B-cell 
maturation stages was further analysed by gene targeting of individual BCR 
components. The results showed that silencing of some genes, such as the IgK L chain 
locus, had a moderate effect on B-cell development and is well tolerated whilst the 
function of other genes, such as Qi or IgP, is essential and blocks any progress in 
development. The block in B-cell development was frequently accompanied by the 
accumulation of cells prior to the stage of differentiation when the silenced gene 
should be active. Surprisingly this is not seen at any pro or pre B-cell stage in the X 4 ' 
k" 7 " mice and the numbers of CD25* large and small B-cells immediately prior to the 
block in development are similar to those found in a normal mouse. A reason for this 
may be that the cells entering the pre B-II stage and those being apoptosed, perhaps 
half of the CD25* cells generated in the bone marrow die without maturing into IgM* 
B-cells, allow to maintain fairly constant cell levels. 

The importance of L chain expression has been studied in RAG-1 and RAG-2 
KO mice where B-cell development is arrested at the B220 + CD43 + pro B-cell stage. 
Upon introduction of a rearranged H chain lg\i was expressed in the cytoplasm which 
is in agreement with the observation that L chain facilitates dissociation of H chain 
binding protein and transport to the cell surface. However, to direct the development 
of a B-lineage cell population in RAG 7 " mice both rearranged H and L chain genes 
had to be introduced. In the bone marrow of RAG-1 ^S 4 ' mice carrying a rearranged 
H chain transition from pro B- to pre B-cell and surface IgM expression was only seen 
when either X5 or a rearranged L chain was introduced. Nussenzweig and colleagues 
argued that when neither X5 nor conventional L chain are expressed B cell 
development cannot proceed past the pro-B-cell stage. This is not seen in our muice 
with silenced X and k light chain locus where B-cell development allows heavy chain 
expression and developmental progress to the pre B-II cell stage. 
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Claims 

1. A mouse in which the X light chain locus is functionally silenced. 

2. The mouse according to claim 1 in which the X light chain locus is deleted in 
part or completely. 

3. The mouse according to either one of claim 1 or claim 2 in which the X light 
chain locus is functionally silenced through deletion of gene segments encoding for 
the X light chain locus. 

4. The mouse according to any one of the preceding claims in which the k light 
chain locus is functionally silenced. 

5. The mouse according to any one of the preceding claims in which the mouse 
heavy chain locus is silenced by a method of gene targeting (knock-out). 

6. The mouse according to any one of the preceding claims in which the A., k and 
heavy chain loci have been knocked out or silenced. 

7. The mouse according to any one of the preceding claims carrying at least one 
transgene which comprises one or more heavy genes or loci and/or a light chain genes 
or loci from a heterologous species. 

8. The mouse according to claim 7, wherein the mouse produces heavy chain 
only antibodies of the heterologous species. 

9. The mouse according to either one of claim 7 or claim 8 wherein the 
heterologous species is human. 

10. Use of a mouse as defined in any one of the preceding claims to produce 
antibodies. 
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11. The use according to claim 10 wherein the antibodies are produced through 
immunisation procedures. 

12. The use according to either one of claim 10 or claim 1 1 wherein the antibodies 
are human. 

13. A heavy chain only antibody produced in a mouse. 

14. The antibody of claim 13 wherein with heavy chains are either single or 
polymerised. 

15. An antibody produced from mice as defined in any one of claims 1-9. 

16. The antibody according to any one of claims 13-15 wherein the antibody is 
monoclonal. 

17. The antibody according to any one of claims 13-16 wherein the antibody is 
human. 

18. A library of VH domains obtained from DNA of lymphocytes from one or 
more mice as defined in any one of claims 1-9. 

19. A method of producing a mouse in which the X light chain locus is 
functionally silenced, comprising the step of deleting at least the constant region 
genes CI, C2 and C3 of the X light chain locus. 

20. The method of claim 19 wherein the C2-C4 loci and C3-C1 loci are deleted 
simultaneously or sequentially. 

21. The method of either one of claim 19 or claim 20, substantially as described 
herein with reference to the targeting constructs shown in Fig. 1 . 
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22. A targeting construct for producing a mouse in which the X light chain locus is 
functionally silenced, said targeting construct being shown in Fig. 1. 

23. A targeting construct for producing a mouse in which the X light chain locus is 
functionally silenced substantially as described herein with reference to Fig. 1 . 

24. The mouse according to claim 1, which has a deletion of a A. light chain gene 
or genes selected from the following part of the X locus region: 

(a) C3-Cl; 

(b) C2; 

(c) C2-C1 (i.e. C2-C4-C3-C1). 
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